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Non-Provisional Application 



Electronic measuring device for detecting a process variable, in particular a radar or ultrasonic 
filling level measuring device, and a method for operating a measuring device of this type 



Technical Field 

The present invention relates to an electronic measuring device for detecting a process 
variable connectable to a two-wire line, for which purpose a two-wire terminal is present in 
particular. Through said two-wire line the supply energy and the digital communication is 
made available by means of a process control system. Such measuring devices usually present 
a sensor means for measuring the process variable, and a control means for controlling 
components of the sensor means. It is to be noted that the term sensor means here includes in 
the widest sense all components participating in the generation and processing of signals, as 
well as all associated peripheral equipment. 

Prior Art 

Such electronic measuring devices connected exclusively through a two-wire line, are in 
general well known in prior art, and are, for example used as a radar or ultrasonic filling level 
measuring device. An ultrasonic filling level measuring device emits sound waves by means 
of a sensor device in the form of an ultrasonic sensor towards a surface of a filling product 
present in a receptacle. After reception of the signal portion reflected by the filling product 
surface, the filling level within the receptacle can be calculated through an evaluation of the 
signal transit time. A controlling means within the measuring device thereby co-ordinates the 
interaction of all participating circuit parts and measuring device components, respectively. In 
a radar filling level measuring device, radar pulses are generated and emitted instead of 
ultrasonic wave pulses. 



In a measuring device of the mentioned type, a two-wire line, which is usually used on the 
hierarchy level of field bus systems, furnishes, for one, the supply energy required for 
operating the measuring device, and, apart from that, also serves the digital communication 
with an overriding process control system meant for the further processing of the measuring 
results delivered by the measuring device. Thus, a method is known from US 5,691,714 A for 
transmitting measurement results from sensors to a receiving unit via two-wire lines. 
Although, in this case as well, the two-wire line is used for the voltage supply of the 
measuring device, the problems herein described of current fluctuations interfering with the 
communication are not discussed. From EP 0 986 039 Al, an arrangement is disclosed for 
transmitting signals between a reception station and a transmission station, as well as for 
supplying the transmission station with current via a two-wire line. In the transmission 
station, a controlled current source is provided determining the current flowing through the 
two-wire line depending on the measured value. The current source is configured as a series 
current regulator and is fed from a supply voltage source in the reception station. 

In practice, it has been shown that with a connection through a two-wire line, the energy input 
of the measuring device - insofar as no other measures are implemented - varies in a very 
strong manner. For one, the power input is constant during periods of measurement 
preparation or performance, for another, less power is taken from the two-wire line by the 
measuring device in the remaining time, a fact, by which the power input and, consequently, 
the current consumption greatly decreases. These current fluctuations can interfere with the 
digital communication running on the same two- wire line. Rapid current fluctuations, in 
particular, i.e. current fluctuations taking place in a short space of time, have turned out to be 
disturbing. 

In order to guarantee an undisturbed communication between the measuring device and the 
process control despite the double function of the two-wire line, it is hence necessary to keep 



the current consumption of the measuring device constant within determined limits, and to 
suppress in particular rapid current fluctuations. In time intervals of high power requirements 
arising, for example, during the performance of a measurement cycle, the measuring device 
will require a high current in order to meet the energy demand at a low supply voltage, since 
the result of the power, as is generally known, is a product of voltage and current. If the 
current is now kept constant over the entire supply voltage range in order not to impair the 
digital communication by the energy supply, this measure will, however, lead to a 
multiplication of the power input at high supply voltages, entailing an unnecessarily high 
energy consumption and a strong heat development. 

For this reason, measuring devices of the above-described kind were hitherto rather realized 
in multiple-wire technology. In this alternative likewise generally known in prior art, a line 
pair is provided for feeding the supply energy, whereas a second, separate line pair is meant 
for the digital communication. In said second line pair, the low constant current is allowed to 
flow, which is required for the reliable digital communication between the measuring device 
and the process control without the possibility of the energy supply causing any impairment to 
the communication. This solution, however, leads to a disadvantageous additional expenditure 
in the wiring for the measuring device. 

Representation of the Invention 

It is therefore the technical problem on which the present invention is based to further 
improve an electronic measuring device in the two-wire technology in order to make possible 
a reliable digital communication at a minimum power input. Moreover, the invention is based 
on the further technical problem of providing a method for operating an electronic measuring 
device in the two-wire technology permitting a reliable digital communication. 



These technical problems are solved according to a first aspect of the invention by an 
electronic measurement device for detecting a process variable connectable to a two-wire line 
for providing the supply energy and for digital communication with a process control, and 
comprises for this purpose a two-wire terminal, and includes: a sensor means for measuring a 
process variable, a controlling device for controlling components of the sensor means, a 
voltage measurement device for measuring the supply voltage applied through the two-wire 
line, and a current control unit by means of which the current for supplying the measurement 
device can be appropriately set as a function of the supply voltage measured by the voltage 
measuring device. 

According to a second aspect of the invention, an electronic measuring device for detecting a 
process variable connectable to a two-wire line for providing the supply voltage and for 
digital communication with a process control and comprising for this purpose, in particular, a 
two-wire terminal, and a sensor means for measuring the process variable, a controlling 
device for controlling components of the sensor means, and a current control unit by means of 
which the current drawn from the measuring device through the two-wire line can be set as a 
function of the current drawn through the sensor means. 

According to a third aspect of the invention, in an inventive method for operating an 
electronic measuring device for detecting a process variable connectable to a two- wire line for 
providing the supply energy and for digital communication with a process control, the supply 
voltage applied through the two-wire line is measured, and the current for supplying the 
measuring device is modified in a temporally appropriate manner as a function of the supply 
voltage measured by the voltage measuring device. 

According to a further aspect of the invention, in another preferable inventive method for 
operating an electronic measuring device for detecting a process variable connectable to a 
two-wire line for providing the supply energy and for digital communication with a process 



control, the total current drawn through the two-wire line by the measuring device is adapted 
by means of a current control unit to a sensor current drawn by a sensor means. 

The invention is based on the idea of controlling the current for the measuring device as a 
function of the measured input voltage for the first time in such a manner that undesired, 
hence current fluctuations arising within a short space of time, are prevented, and a current 
adaptation ensues within a space of time which is not detrimental to the communication. 
Current fluctuations disturbing the communication are, for example, then given when they are 
greater than ImA/ms. The advantage of the inventive solution resides in that current 
fluctuations disturbing the communication are allowed to be rapidly levelled. Thus, in a rapid 
power requirement change of the measuring device (e.g. a change from a transmitting 
operation to an evaluation operation, and vice versa), the current flowing through the two- 
wire terminal will be kept constant, and this total current will be divided into a useful current 
and a loss current. The useful current here is the current portion used by the components of 
the measuring device for a perfect operation of the measuring device, and the loss current is 
the current portion which is not necessary for a perfect operation of the measuring device. If it 
is, for example, ascertained that the power loss is too high - hence the loss current is too high 
- then the total current composed by the useful and the loss current can be reduced 
correspondingly, and namely in such a slow manner that no current fluctuations disturbing the 
communication will arise. Hereby, transient arising current fluctuations can be levelled, for 
one, so that substantially no interferences can be detected in the communication or are kept 
within acceptable limits, and, for another, the total power demand of the measuring device 
can be adapted to the instantaneous operational condition in appropriate spaces of time. 

The measuring device attempts to minimize the power loss, i.e. the portion of the input power 
exceeding the power demand, and therewith to adapt the input power to the power demand. 
By means of controlling the spaces of time which are not detrimental to the communication, 



the power to be input can always be preset so that operation-contingent current fluctuations 
can be kept within acceptable limits. 

An advantageous embodiment of the invention comprises a device for determining the 
instantaneous power loss which is not necessary for maintaining the instantaneous operational 
condition of the measuring device. If this ascertained power loss is too high as compared to a 
(memorized) reference value, then a corresponding new desired value can be sent to the 
current control unit through the controlling means, whereby the input current is slowly 
reduced, i.e. without causing the current fluctuations disturbing the communication at the 
two-wire line to occur. When a measuring device hence recognizes that the input power is too 
high because too much power loss is generated, this power demand excess can be minimized 
by reducing the power input to an extent that in the ideal case the input power is just sufficient 
for appropriately carrying out the measuring cycles. If more useful current is required in a 
new operational condition of the measuring device, then the desired current value will be 
slowly increased correspondingly. 

According to an advantageous further development of the invention, the device is connected 
with a capacitor for determining an instantaneous power loss so as to measure the variation in 
time of the voltage at the capacitor and to therewith determine in an indirect manner whether 
a power loss has occurred. This configuration is in particular purposeful in an ultrasonic 
filling level measuring device, since there, the variation in voltage of a capacitor connected 
upstream of the ultrasonic transmitter is expressive with respect to a power loss. 

As a further alternative for determining an instantaneous power loss, a device is suited by 
means of which the frequency of occurring sensor excitements can be determined without 
carrying out a measurement. The more often the sensor means is excited without a 
measurement being carried out, the higher is the power loss, and the current can be reduced 
correspondingly (slowly, substantially without current fluctuations disturbing the 
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communication). In the event of the measuring device requiring less power for its defined 
task, the power loss can therewith be transformed in an efficient manner. Alternatively hereto, 
it is likewise possible to transform in a known manner the power loss into heat and to 
dissipate same to the outside. 

It is likewise imaginable that the power loss is determined through a current sensing resistor 
or in any other suitable manner. 

The measuring device can preferably be equipped with an A/D converter. Through the applied 
supply voltage, the input power can be calculated with a known current consumption. Should 
the supply voltage rise, the current will be reduced in such a manner that there does not ensue 
an excess in power demand. Should the supply voltage decrease, the current will be increased 
so that it is still possible to operate the measuring device. 

An alternative solution provides for the power loss to be minimized in the current control unit. 
The corresponding electronic measuring device for detecting a process variable connectable to 
a two-wire line for providing the supply energy and the digital communication with a process 
control system, is equipped with a sensor means for measuring the process variable, a 
controlling means for controlling components of the sensor means, and a current control unit 
by means of which the current drawn through the two-wire line can be appropriately adjusted 
depending on the current drawn through the sensor means. With the adjustability of the 
current drawn through the two- wire line, a constant as possible current input can be 
guaranteed. In this variation, a measurement of the supply voltage is not necessary for 
achieving a current input without interfering fluctuations as compared to the above described 
solution. 

Here, two controls are preferably present in the current control unit. The one control provides 
for the total current remaining constant. The other control furnishes a desired current value for 



the first control and provides for the fact that a little current is flowing through a shunt arm at 
all times. This interleaved control hence provides for the total current being adapted to the 
sensor current, yet it is thereby ascertained that the loss current in the shunt arm is kept at a 
minimum. 

Short Description of the Drawings 

For a better understanding and further explanation, several embodiments of the invention are 
described in detail in the following with reference to the attached drawings. Therein shows: 

Fig. 1 a block diagram representation of an inventive measuring device according to a 

first embodiment, 

Fig. 2 a detailed circuit arrangement of the current control unit of the embodiment as 

per Fig. 1, 

Fig. 3 a block diagram representation of an inventive measuring device according to a 

second embodiment, 

Fig. 4 a detailed circuit arrangement of the current control unit of the embodiment as 

per Fig. 3, 

Fig. 5 a detailed circuit arrangement of a charging current limitation in the 

embodiment as per Fig. 3, 

Fig. 6 a detailed circuit arrangement of the current control unit in the embodiment as 

per Fig. 5, 



Fig. 7 



a block diagram representation of an inventive measuring device according to a 
further embodiment of the invention, and 



Fig. 8 



a detailed circuit arrangement of the current control unit in the embodiment as 
per Fig. 7, 



Fig. 9 



a block diagram representation of an inventive measuring device according to a 
further embodiment of the invention, and 



Fig. 10 



a detailed circuit arrangement of the current control unit in the embodiment as 
per Fig. 9. 



Description of Embodiments of the Invention 



The electronic measuring device 1 00 as per Fig. 1 serves the purpose of a filling level 
measurement according to the radar principle. Electronic measuring device 1 00 comprises a 
two-wire terminal 101a for being connected to a two-wire line 101 and via same to a field bus 
system. The communication as well as the energy supply both exclusively use two- wire line 
101 . A power supply unit 112 thereby gains the necessary supply voltage (Uv) from the 
power drawn from the bus system. As the controlling means, a micro-controller 1 17 is 
provided, which is in communication with several memory units in the form of a program 
memory 1 18, a RAM 119 and an EEPROM 120. Micro-controller 117 drives a transmitting 
means 114. Via an antenna 124, radar pulses of the transmitting means are emitted, which are 
then reflected from a filling product surface (not shown in detail), and are again received in 
the reverse direction and transformed into electric pulses. The time from the transmission of 
the radar pulse to the reception of the reflected signal is a dimension figure for the filling 
level. Micro-controller 117 reads in the signals received from a receiving means 115 through 
an A/D converter 123, and evaluates same. By means of a process control system (not shown 
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in detail, either) connected through two- wire line 101, micro-controller 117 communicates via 
a digital communication unit 111, which insofar represents the interface to the outside. 

For the inventive control of the power put in by the measuring device 100, the supply voltage, 
i.e. the voltage applied to two-wire line 101, is measured by the A/D converter 1 16 connected 
in parallel to two-wire line 101 . Micro-controller 117 sets the current through a current 
control unit 122 as a function of the supply voltage so that the input current is slowly adapted 
corresponding to the actual power demand. 

According to the detailed representation as per Fig. 2, the desired value is pre-given to the 
current control unit 122 by the micro-controller 117 via a control line 1. As an option, the 
desired value can be derived from a reference diode during the start-up phase. Current control 
unit 122 levels the current input of measuring device 100 to this predetermined desired value. 
For this purpose, the instantaneous value is determined via a current sensing resistor R22, 
whereupon the current is set according to the difference from the desired value. By means of 
said current control unit 122, a levelling of rapid current fluctuations is possible. So as to 
allow measuring device 100 to adapt its power input to the actual power demand, its produced 
power loss has to be determined. A dimension figure for the power loss can, for example, be 
determined through the voltage drop at resistor R23. The power loss here is measured by 
means of A/D converter 1 16. If the power loss is too high, micro-controller 117 will reduce 
the desired value for current control unit 122 so as to lower the total current input of the 
measuring device. Therewith, less power loss is produced and the total power input is adapted 
to the power demand. 

In Fig. 3, another embodiment of the invention is shown. The electronic measuring device 
300 as per Fig. 3 serves the purpose of a filling level measurement according to the ultrasonic 
principle. 
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Measuring device 300 comprises as before a two-wire terminal 101a for being connected to a 
two-wire line 101 and via same to a field bus system. The communication as well as the 
energy supply both exclusively use two-wire line 101. A power supply unit 312 thereby gains 
the necessary supply voltage (Uv) from the power drawn from the bus system. As the 
controlling means, a micro-controller 317 is provided, which is in communication with 
several memory units in the form of a program memory 3 1 8, a RAM 319 and an EEPROM 
320. Micro-controller 317 drives an ultrasonic transmitting means 312 when the transmitting 
voltage measured through an A/D converter 316 has reached a predetermined level. Through 
a sound transducer 324, ultrasonic pulses of transmitting means 314 are emitted, which are 
then reflected from a filling product surface (not shown in detail), and are received again in 
the reverse direction and transformed into electric pulses. The time from the transmission of 
the sonic pulse to the reception of the reflected signal is a dimension figure for the filling 
level. Micro-controller 317 reads in the signals received from a receiving means 315 through 
an A/D converter 323, and evaluates same. By means of a process control system (not shown 
in detail, either) connected through two- wire line 101, micro-controller 317 communicates via 
a digital communication unit 311, which insofar represents the interface to the outside. To 
said ultrasonic transmitting means 314, a buffer capacitor 321 is connected, making available 
the energy necessary for exciting ultrasonic transmitting means 3 14. A current limiting means 
3 1 3 is present between buffer capacitor 32 1 and power supply unit 312. 

For the inventive control of the power put in by the measuring device 300, the supply voltage, 
i.e. the voltage applied to two-wire line 101, is measured by the A/D converter 316 connected 
in parallel to two-wire line 101. Micro-controller 3 1 7 sets the current through a current 
control unit 322 so that the power input is approximately kept constant or is slowly adapted to 
the actual power demand, or that the current remains substantially constant with an abruptly 
changing power demand, and is then slowly reduced or increased depending on whether a 
lower or higher power demand is given. 
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Current limiting means 313 provides for a constant charging current in buffer capacitor or 
transmitting capacitor 312. Current limiting means 322 can here be set through current control 
unit 322 via a control line 2 to an arbitrary value, yet, it is also imaginable to set current 
limiting means 313 to a fixed value, hence not to subject it to a control. When transmitting 
capacitor 321 is being charged and transmitting means 314 is not active, then the input power 
lowers in toto. So that the current input remains constant in spite of that, the current control 
unit 322 on the input side can either transform the differential current into heat, or a short 
excitement of transmitting means 314 can ensue without deriving a measurement therefrom. 
This takes place when micro-controller 317 recognizes that the transmitting voltage applied to 
transmitting capacitor 321 has reached a critical level as of which current limiting means 313 
can no longer maintain the current through transmitting capacitor 321 . The thereby initiated 
short discharge phase is sufficient for subsequently charging transmitting capacitor 321 again 
with constant current. The supply voltage of the measuring device 300 is measured with A/D 
converter 316. The micro-controller adjusts the measuring device current through current 
control unit 322 depending on the required power input and the input voltage. 

The current control is shown in detail in Fig. 4. The desired value is pre-given to said current 
control by the processor via a control line 1 . As an option, the desired value can be derived 
from a reference diode during the start-up phase. Through this desired value, the total current 
input of measuring device 300 is controlled. For this purpose, an actual value is sensed 
through an current sensing resistor R42, and the current source is set according to the 
deviation from the desired value. This serves for a rapid levelling of current fluctuations. The 
current flowing out through the current source in turn is sensed by a resistor R43 and serves 
as an instantaneous value for controlling the charging current limitation shown in more detail 
in Fig. 5. This control has two different time constants. With the instantaneous value being 
higher than the desired value, a relatively high time constant becomes effective, and with an 
instantaneous value being lower than the desired value, a lower time constant becomes 
effective, which means that the control responds faster to this condition. 
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The different time constants can, for example, be realized by a circuit according to Fig. 5. An 
increase of the instantaneous value causes a diode D53 to block so that only resistor R54 is 
decisive for the time constant of the control. When the instantaneous value lowers, diode D53 
becomes conductive. Therewith, the parallel connection of resistors R55 and R54 becomes 
active resulting in a lower time constant and hence in the control being faster in responding. 

In Fig. 6, the temporal development of the power loss through the shunt arm of current control 
322 and the voltage development at the buffer capacitor for the transmitting voltage is shown. 
The power loss corresponds to the total current minus the sensor current. The sensor current 
corresponds mostly to the charging current for the buffer capacitor. The basis for the control 
is that a little current is flowing through the shunt arm of the current control at all times. This 
is designated as desired value in the diagrams. When the buffer capacitor is charged before a 
new transmitting operation can be started, then the charging current decreases and the current 
through the shunt arm increases, see Figure 6.1 . In Figure 6.2 the associated voltage 
development at the buffer capacitor is shown. The control for the charging current should not 
be influenced following the high time constant for this kind of deviation by the increase of the 
shunt current, which represents a positive deviation from the desired value. The micro- 
controller recognizes that a power loss is taking place and lowers the total current input by 
reducing the desired value for current control unit 332. There are two possibilities for 
recognizing that a power loss is taking place in this configuration. It is recognized either 
through the temporal development of the transmitting voltage, or through the frequency of 
occurring transmitting means excitements without deriving a measurement therefrom. Since 
buffer capacitor 321 is still being charged with the same current, the current path through the 
shunt arm decreases as compared to Figure 6.1 and drops below the desired value, see Figure 
6.3. When this is the case, the control for the charging current now comes into action and 
reduces the level of the charging current. Thereby, the charging duration for the capacitor 
becomes longer, and the current development and voltage development such as it is illustrated 
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in Figures 6.4 and 6.5 will arise. The shunt current will gradually come closer to its desired 
value, and the voltage at the transmitting capacitor will gradually come closer to the 
development of a delta voltage. The optimum condition is then given when the current 
limiting means 313 has just set so that no power loss is generated between the measurements. 

The electronic measuring device according to the embodiment shown in Figure 7 differs from 
that shown in Figure 3 and the above-described variation in that current control unit 722 has 
no control line to current limiting means 713. This lacking control line between current 
limiting means 713 and current control unit 722 is here being replaced by a control line (here 
control line 2) from the micro-controller. Current control unit 722, on the contrary, has a 
measuring line to the A/D converter (measuring line 1). According to the detailed 
representation as per Fig. 8, the desired value is pre-given to current control unit 722 by the 
micro-controller via a control line (control line 1). As an option, the desired value can be 
derived from a reference diode during the start-up phase. The current control unit levels the 
current input of the measuring device to the pre-given desired value. By means of this current 
control unit, a levelling of rapid current fluctuations becomes possible. So as to allow the 
measuring device to adapt its power input to the actual power demand, its power loss 
produced has to be determined. The power loss produced is determined through the voltage 
drop at shunt arm resistor R83. Said voltage drop is measured by means of measuring line 1 
and A/D converter 716. At too high a power loss, micro-controller 717 will reduce the desired 
value for the current control unit and will hence lower the total current input of the measuring 
device. The control process corresponds to that of the aforementioned variation, with the 
exception of the fact that the hardware-contingent control of current limiting means 713 is 
now being adopted by micro-controller 717 in a software-contingent manner. The desired 
value for current limiting means 713 is pre-given by micro-controller 717 via control line 2. 
The current limiting means will start with a low desired value and will be gradually increased 
until the ideal condition has arisen, namely that no power loss is generated between the actual 
measurements. 
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The electronic measuring device 900 according to the embodiment shown in Fig. 9 differs 
from that shown in Fig. 5 and the afore-described variation in that current control unit 922 has 
neither a measuring line nor a control line. Should a circuit member downstream of current 
control unit 922 draw too much current, the current will be reduced by current control unit 
922 for a short period of time so that the input current as a whole remains approximately 
constant. Seen over a longer period of time, the desired value for current control unit 922 is 
later drawn through the feedback. In case of a current rise in the remaining circuit elements, 
this will mean a long-term increase of the input current. Micro-controller 917 determines - as 
in the embodiment as per Figure 3 - the power loss, and drives in each case depending on the 
demand, current limiting means 413 which is adjustable here, and namely through control line 
430. As for the rest, the further components of said measuring device 900 are referenced alike 
the corresponding components as per Fig. 3, however increased by the value of 800. 

Current control unit 922 contains two cascade control circuits. The second control (control 2) 
provides for the total current remaining constant as in the previous configurations. So as to 
allow the control means to correctly compensate the fluctuations of the useful current, a 
certain current has to flow via the shunt arm through resistor R103 at all times. The control 
means compares its desired value with the instantaneous value of the total current determined 
through the voltage drop across resistor R102, and adjusts the current source in the shunt arm 
according to the difference in the currents. The output of control means 1 furnishes the 
desired value for control means 2. Control means 1 is responsible for ensuring that a little 
current flows at all times across the shunt arm. Control means 1 gets its desired value e.g. 
through a reference diode (D101), and compares this value with the instantaneous value, 
which, for example, can be determined through the voltage drop at resistor R103. The 
interleaved control unit provides for the total current being adapted to the sensor current, 
whereby attention is paid to the fact that the loss current is kept at a minimum in the shunt 
arm. 
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The present invention is not restricted in its realization to the embodiments given above as 
being merely preferred. On the contrary, modifications thereof are likewise imaginable, 
which, in spite of another configuration fall into the scope of protection of the present 
invention. The invention is in particular not restricted to electronic measuring devices used 
within the framework of an ultrasonic filling level measuring device. In the specific case of a 
filling level measuring device, instead of an ultrasonic sensor unit, another sensor unit 
working on another suitable measurement principle - such as a radar sensor unit, a sensor unit 
working on the guided microwave principle - can likewise be used. It is still to be noted that 
in the shown embodiments, the current control is arranged between the two-wire terminal and 
the digital communication unit. Of course, it is also possible to provide the communication 
unit between the two-wire terminal and the current control unit. 



